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Introduction
Due to the increasing global financial integration in the last decades, international securities markets have become extremely important source of external funding, in particular for the emerging countries. This situation also brings out a requirement of a large number of inputs for an active investment decision in the formation of international portfolios. Sovereign credit ratings are considered, among others, as being a key ingredient in this decision process 1 .
Rating agencies provide an overall review for the creditworthiness of a country by assigning grades about its default probability and determine whether a country is investable or not (i.e.
has a credit rating above a certain threshold or not). It is the case that most institutional investors can only hold investment grade instruments. Thus, changes in ratings, downgrading (upgrading) sovereign debt below (above) investment grade, may have a strong impact on prices, because these changes affect the pool of investors. Rating changes may also disclose new (private) information about a country and thus they may accelerate rallies or downturns in the markets. This effect is likely to be stronger in emerging markets, where problems of asymmetric information and transparency are more severe. Moreover, changes in sovereign credit ratings might act as a wake-up call for countries with similar economic structures (Kaminsky and Schmukler, 2002) .
The Asian financial and currency crisis in 1997 and the financial crash in 2008, insisted by Bernanke (the ex-chairman of the Federal Reserve) to be worse than the Great Depression, force economists and investors to re-evaluate the reliability of rating agencies. In 1997 and 1998, rating agencies were accused of being late to warn the markets against Asian crisis.
International financial institutions (BIS, IMF, World Bank) unanimously blamed rating agencies for their inability to forecast the crisis (Ferri et al., 1999) . In the case of the recent global financial crisis, rating agencies made extremely unusual downgrades during the crisis as opposed to their pre-crisis actions. However, they again underestimated the credit risk associated with structured credit products and failed to adjust their ratings quickly enough to deteriorating market conditions. Hence, they were accused of both methodological errors and unresolved conflicts of interests, with the result that market participants' confidence in the reliability of ratings was seriously shaken (Utzig, 2010) . This led policy makers and market participant to demand regulation for the credit rating agencies.
1 Ratings have gained further importance in the last decade due to the development of advanced credit risk models and their use as structured assets (Carey and Hrycay, 2001; Altman et al., 2002; Van Gestel and Baesens, 2009 ). In addition to global investors, legislations, regulations and supervisory policies have also underlined the rating agencies' amplified role in the current financial system (Duan and Van Laere, 2012) .
Despite all the failure, credit ratings are still very important indicators for both institutional and individual investors investing on domestic and foreign country assets. Their value in assessing default risk and thereby affecting credit spreads plays a critical role in financial markets and especially in the flow of capital to emerging countries. An outstanding result of these capital flows is spillover effect which leads neighboring financial markets to move in tandem. There are many potential channels through which sovereign rating news may have spillover effect across countries and across financial markets. Ismailescu and Kazemi (2010) identify transmission channels of these spillover effects as the common lending center and competition in trade markets. In the context of the lending center, an increase in the credit quality of a sovereign relieves the capital requirements of its lending center making more capital available to other countries. Increased access to capital reduces the financial constraints of these governments, ultimately leading to lower CDS premiums on their debt.
Alternatively, as a country's credit quality improves, it becomes more attractive to the world markets affecting capital flows to other countries and increasing their levels of CDS premiums. Longstaff (2010) identifies three transmission channels by which spillover effects can be propagated through different financial markets. The first channel is named as the correlated-information channel. In this mechanism, a shock to one financial market signals economic news that is directly or indirectly relevant for security prices in other markets. The second channel is defined as the liquidity channel in which a shock to one financial market results in a decrease in the overall liquidity of all financial markets. In turn, this may affect investor behavior and asset prices. Third is the risk-premium channel in which financial shocks in one market may influence the eagerness of market participants to bear risk in any market. Thus, prices in all markets may be affected as equilibrium risk premia adjust in response.
This study focuses on the cross country effects of sovereign rating changes in European countries. Although there is a large number of studies on their economic development and macroeconomic variables 2 , the analysis of stock market linkages in these countries has remained relatively limited prior to the 2008 global financial crisis and gained popularity only in the last few years (Jokipii and Lucey, 2007; Hanousek et al., 2009; Syllignakis and Kouretas, 2011; Gjika and Horvath, 2013; Horvath and Petrovski, 2013) . In such an analysis, two possible outcomes awaits us: The investors may see rating changes as a country-specific issue with no implications beyond country borders, in that case the impact would be little or not exist at all. On the other hand, several rational or irrational reasonings (such as herding) of international investors or financial and real sector linkages across countries can transmit the shocks from one country to another (Karolyi, 2003) . Prior literature suggests that geographical proximity plays an important role in transmission of shocks between stock markets, in particular for emerging countries. Motivated by this fact, this study specifically aims to analyze the effects of sovereign rating changes on the correlations between emerging stock market returns. In particular, this study is looking for a contagion effect (Forbes and Rigobon, 2002) in the sense that degree of co-movements between stock market returns significantly changes after sovereign rating announcements. Surprisingly, this linkage has received far less attention and has lot to be explored yet. To the best of our knowledge the closest works to this study are of Chiang et al. (2007) and Christopher et al. (2012) . The existing literature on financial contagion base their analysis generally on event study and simple correlation analysis. However, these methodologies have several limitations and drawbacks. While event study is very sensitive to the choice of estimation window which result in different conclusions by researcher studying on the same event, heteroscedasticity biases tests for contagion based on correlation coefficients. To overcome these problems this paper uses cross country multivariate GARCH model, which is suitable for measuring timevarying correlations. Achieving time varying correlations allows us to discover dynamic investor behavior in response to news and innovations.
Accordingly, despite the importance of credit ratings in investment strategies, our study shows that joint effect of rating announcements on pair-wise correlations, in general, are not significant. In a limited number of cases, rating change announcements from Moody's are more effective than that of the others. These results may imply that investors in Europe see sovereign rating related events as country specific news, not a source for regional impact.
Moreover, when there is a significant impact, investors in this region do differentiate among credit rating agencies. In addition, the emerging European markets are less subject to systematic risk originating from a credit rating related announcement.
The rest of this paper is organized as follows: Section 2 summarizes previous studies, and Section 3 presents the data. Section 4 elucidates the methodology that is used to obtain the time-varying correlations and describes the path that is followed in the analysis. Section 5 explains the results and finally, Section 6 offers a brief conclusion.
Literature Review
Prior literature contains different outcomes depending on the direction of the rating change:
Negative rating events, in general, is demonstrated to cause significant spillovers to other countries' stock and bond markets, while upgrades have limited or insignificant impact.
There is a significant amount of empirical studies on responses to rating announcements revealing the existence of a significant effect of sovereign ratings on its own stock and bond markets. Cantor and Packer (1996) conduct an event study to measure the effects of rating announcements on dollar bond yield spreads over the period 1987 and 1994 using 18 countries and 79 rating and outlook announcements from Standard and Poor's (S&P) and
Moody's. Their findings reveal that relative spreads rise preceding negative rating announcements and similarly relative spreads fall preceding positive rating announcements.
One remarkable finding is that rating announcements have more strong effects on spreads for below investment grade than for investment grade sovereigns. Reisen and von Maltzan (1999) conduct an event study similar to Cantor and Packer (1996) extending the time period to 1997 and by taking three leading rating agency (S&P, Moody's and Fitch) announcements into consideration. They find a significant effect of sovereign rating changes on bond yield spreads for a combination of ratings from the three agencies. Authors also apply Granger causality test in order to determine the direction of the causality between rating announcements and bond yields by concluding that sovereign ratings are mutually interdependent with changes in bond yields. Brooks et al. (2004) investigate the own-market impact of rating announcements on the stock market return of countries using all rating chance announcements from the three leading agencies and Thomson for the period 1 January There are other studies investigating own-country and cross-country impacts of rating announcements. Larrain et al. (1997) focus on the period early 1987 to mid-1996 which have been assigned by Moody's and S&P. They examine the impact of credit rating and outlook changes on international markets by concluding that credit rating actions have important and significant effects. They find a highly significant announcement effect in case of emerging market sovereign credit ratings put on a review with negative outlook. They conclude that rating agencies have the potential to decrease excessive capital inflows into the emerging markets with negative rating announcements. Kaminsky and Schmukler (2002) focus on both domestic and international effects of sovereign rating change announcements on sovereign bonds and stocks with an event study methodology. Authors use a sample of 16 emerging markets from 1990 to 2000 and find that rating changes have effects on the instrument being rated and on other instruments within the same country. They also find evidence of significant spillover effects from one country to another, where these effects are strongest at the regional level. Kraussl (2005) complements earlier research on the impact of sovereign credit rating changes on financial markets in emerging economies. His study specifies an index of speculative market pressure consisting of daily changes in the nominal exchange rate, daily changes of the short-term interest rate, and daily changes in the major national stock market index. As such, he aims to detect whether credit rating changes for one type of security have an effect on other asset markets within and across national borders. Author tests the effects of imparted across the board in the short-run. Moreover, they find that there is a positive relationship between sovereign ratings and outlooks and regional stock return co-movements.
As opposed to stock market results, they conclude that there exists a negative association between outlooks and regional bond-market co-movements.
After the emergence of 2008 global financial crisis and the Eurozone debt crisis, later studies focused on the effects of sovereign rating changes on other relevant variables in addition to stock and bond markets. Ismailescu and Kazemi (2010) other countries' exchange rates in the region.
Data
The above literature suggests that geographical proximity plays an important role in transmission of shocks between stock markets, in particular for emerging countries. Prior studies generally focus on either Asian or Latin American stock markets for intra-regional Syllignakis and Kouretas (2011) Chiang et al. (2007) and Christopher et al. (2012) .
Appendix A represents the agencies' rating symbols and their correspondence in linear scale.
3 The effects of the 2008 crisis were unequal on Central European countries. The economies of Czech Republic and Poland largely preserved their stability, however Hungary faced with severe problems mostly due to adverse effects of wide exchange rate fluctuations on the debt denominated in foreign currencies. The situation got worse with the unsuccessful monetary policy during the crisis. Eventually, sovereign rating of Hungary has been downgraded several times down to a non-investment grade in late 2011 and early 2012 (Gjika and Horvath, 2013) .
For the relevant countries, the stock market index prices and returns are displayed in Appendix B. The descriptive statistics of the raw returns in the studied time period are given in Table 2 . 
Methodology
The dynamic correlations between stock market returns will be obtained by the cDCC model of Aielli (2013) . First, we start by reviewing the DCC modeling (Engle, 2002) approach.
All DCC class models (including the Constant Correlation Coefficient-GARCH (CCC-GARCH) of Bollerslev (1990)) assume that returns from k assets are conditionally multivariate normal with zero expected value and covariance matrix . 4 The returns can be either mean zero or the residuals from a filtered time series.
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Denote the zero mean innovation series as ,
and use the fact that can be decomposed as the follows:
≡ . 4 The assumptions of multivariate normality is not required for consistency and asymptotic normality of the estimated parameters. When the returns have non-Gaussian innovations, the DCC estimator can be interpreted as a quasi-maximum likelihood estimator (Engle and Sheppard, 2001) . 5 The standard errors of the model will not depend on the choice of filtration (ARMA, demeaning), as the cross partial derivative of the log-likelihood with respect to the mean and the variance parameters has expectation zero when using the normal likelihood (Engle and Sheppard, 2001) . where ~(0, ) are the innovations standardized by their conditional standard deviation. Engle and Sheppard (2001) propose to write the elements of as univariate GARCH models, so that
for i = 1, 2, …, k with the usual GARCH restrictions are imposed in Eq. (1). Condition for the non-negativity of the variance is: > 0, ≥ 0, ≥ 0. Condition for the stationarity is:
GARCH model is not limited to standard GARCH(p,q) process,
TARCH, GJR-GARCH, APARCH
and others can be used as soon as the errors are normally distributed. The proposed dynamic correlation structure is: Since we are conditioning on ̂, the only portion of the log-likelihood that will influence the parameter selection is log(| |) + ′ −1 ), and in estimation of the DCC parameters, it is often easier to exclude the constant terms and simply maximize:
Aielli (2013) reveals a weak point in the DCC model of Engle (2002) . He shows that the DCC model possesses a significant asymptotic bias in the estimator of the sample covariance matrix which is a constituent of the correlation evolution process and he proposes a consistent DCC (cDCC) model. He modifies the form of the correlation driving process of the DCC model in such a way that it has martingale difference innovations. He suggests that process should take a slightly different form than that in Eq. (2), namely; The main difference to the DCC model is that ̂ depends on the parameters of the conditional correlation matrix, whereas ̂ does not. On the other hand, the correction in the cDCC model provides consistent estimates only for S matrix, while correlation driving scalars alpha and beta are negatively biased. However, if the number of observations is large enough, this bias should not be large.
Results
We have to point out the major limitations and drawbacks of existing empirical literature on financial contagion which we will overcome in our study by the cDCC approach (Chiang et al., 2007) . First, since contagion is defined as significant increase in cross correlations (Forbes and Rigobon, 2002) , it requires a time-varying observable correlation level so that we can reveal if there is a dynamic increment or not. This problem is directly solved by cDCC modeling as it allows us to detect dynamic responses in correlations to news and innovations.
Second, there is a heteroscedasticity problem when measuring correlations, caused by volatility increases during the crisis. This is not a problem in our study since cDCC model estimates correlation coefficients of the standardized residuals and thus accounts for heteroscedasticity directly. Third, in addition to a lagged dependent variable, an omitted variable (global factor) problem arises in the estimation of cross-country correlations. cDCC modeling allows us to include these as additional explanatory variables in the return equation.
We start with an ARMAX(P,Q) model to specify the return equation:
The AR(P) and MA(Q) parts are used to account for the autocorrelation of stock returns and lingering effects of random shocks respectively, which were found in the markets under investigation as reported in Table 4 6 . The German stock market returns is used to account for an exogenous (X) global factor for the Europe 7,8,9 .
We use an APARCH(1,1) model (Engle et al., 1993) 6 For each stock market, Bayesian information criteria suggests to use P = 1 and Q = 1. 7 Syllignakis and Kouretas (2011) show that behavior of German stock prices play an important role in determining stock returns in the Central Europe so we take DAX index as an exogenous global factor for the Europe. 8 Due to belonging to the same time zone and increased information flow by technological innovations, Europe stock market returns in day t are expected to be the most affected by German stock returns in day t. 9 At this stage using an exogenous global factor to filter the series is crucial. The time-line of our study contains two major crises that produced high volatility in stock markets all around the world. It is well known that in times of high volatility, the correlation between equity market returns tend to increase significantly (Climent and Meneu, 2003; Bayoumi et al., 2007; Gilmore et al., 2008; Diamandis, 2009; Syllignakis and Kouretas, 2011; Gjika and Horvath, 2013) . Correlations obtained from unfiltered series would reflect this fact and in that case, the true effects of the sovereign rating changes could not be captured properly and the results would be misleading, in particular for the rating announcements between 2008-2012. Similarly, the coefficients for the lagged volatility (except Slovakia) and shock terms in Eq.
(5) are highly significant which is consistent with time-varying volatility. However, the leverage term is only significant for Czech Republic, Hungary and Turkey suggesting that negative shocks at time t−1 have a stronger impact in the volatility at time t than positive shocks only for these three stock markets. APARCH estimates also show that volatility displays a highly persistent behavior. These results justify the flexibility and appropriateness of the APARCH(1,1) specification. ARMAX-APARCH corrected dynamic correlations are presented in Appendix C.
In financial markets, news that receive substantial attention from policy makers and investors play crucial role in the flow of capital from one country to the other which in turn may affect time varying correlations between stock market indices. Rating change announcement is one of the important news leading to changes in the allocation of portfolios. To detect the influence of the long term sovereign rating changes in its own and foreign stock markets on pair-wise time varying correlation coefficients we estimate the regression coefficients in Eq.(6) (Unless otherwise stated, we use Newey-West regressions throughout the study). Table 2 , we set, for instance, for a downgrade of two notch , ( ) = −2 and for an upgrade of one notch , ( ) = 1. In the case of an outlook or watch change from positive to stable or from stable to negative, by using the same transformation, the rating is changed by -1/3. If an outlook or watch changes from positive to negative, then the rating is changed by -2/3.
We document the estimation results of Eq. (6) in Table 4 We observe the combined effect of rating changes by estimating Eq. (6). In order to observe the individual effect of each agency's rating change on stock market return co-movements we estimate the following regression equation: 10 Contagion and interdependence are distinguished in the sense that contagion describes the spread of shocks from one market to another with a significant increase in correlation between markets (Forbes and Rigobon, 2002) , while interdependence describes the consistently high correlation between the markets. * For instance, correlation between Poland and Bulgaria (Poland-Bulgaria) is significantly affected only by the rating change in Bulgaria but not by the change in Poland. 3. ***, ** and * represents significant level of 0.1%, 1% and 5% respectively. Taking all the estimation results into consideration it is obvious that joint effect of rating announcement changes on co-movement of stock market returns is very limited. Considering the effects on the co-movement degrees, our findings are in contrast to the literature: Previous studies claim that sovereign rating changes in one country may create a regional contagion effect through the wake-up call to neighboring countries that results with a significant change in stock market correlations which is not the common case in our analysis. Moreover, these announcements have not a substantial influence on the contagion between European stock markets. Although analyzing individual effect of rating announcements implies that announcements from Moody's have more influence than the others, it is obvious that this effect is not strong and limited with small number of pair-wise correlation coefficients.
Putting the information together suggests that investors in Europe are generally insensitive to the changes in sovereign ratings; probably they view it as country specific news.
Conclusion
Throughout the last two decades, the disappearance of the barriers to international capital flows and the improvement of communication and technology provided investors a large potential of cross-country investment opportunities with low-cost information. As a result, analyzing a large number of inputs became a requirement for an international portfolio construction and sovereign ratings stepped in as an important factor in this construction process.
In this study, we aim to determine whether sovereign rating announcements of European emerging countries (Poland, Czech Republic, Hungary, Slovakia, Croatia, Lithuania, Latvia, Estonia, Romania, Bulgaria, and Turkey) have significant effects on the correlations between their stock markets' returns. In contrast to the literature, we reveal that joint effect of rating announcements on pair-wise correlations, in general, are not significant. Additionally, individual rating agency effect shows that announcements from Moody's have more influence than the others however; this effect is not strong and limited with small number of pair-wise correlation coefficients. Considering Europe area, our findings suggest that a shock within a single country due to sovereign rating change generally is not likely to spread. In other words, the region is less subject to systematic risk. A possible reason for this situation is that investors in Europe see sovereign rating related events as country specific news, not a source for regional impact.
This indicates good news for an investor with a cross-market hedging position in the region. It also presents alternative opportunities for an international portfolio diversification. Result is also important for the policymakers in the region. They are entrusted to regulate and to maintain the stability of financial systems and in that manner they need to understand the nature of cross-country shock transmission in a timely fashion. Findings suggest, in general, that they do not need to respond to a sovereign rating change of another country in the region.
We hope our results to provide new insights that will be informative for global investors and policymakers in better decision making.
APPENDIX C
Pair-wise ARMAX-APARCH corrected dynamic correlations between returns of the stock market benchmark indices.
